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Introduction
Hybrid organic-inorganic magnetic nanoparticles hve been frequently studied due to their biomedical applications, such as protein separation [1] and therapeutic delivery of DNA and drugs [2] . Among these organic materials, biocompatible polymers are famous beacuse the coating of magnetic nanoparticles with polymers brings the following advantages: prevents their agglomeration by forming a steric barrier between them, provides biocompatibility, offers the possibility to link on the target zone and avoids the recognition and elimination from the human organism by reticuloendothelial system of the immune system [3] .
Polyethylene glycol (PEG) is an important biocompatible polymer and is used as coatings for nanoparticles. It is one of the most appropriate polymers due to its unique properties such as extremely hydrophilic nature (hydrophilicity), flexibility, non-toxicity and nonimmunogenicity [4] . PEG is adsorbed on the surface of the micelle to form a composite micelle. The adsorption probably results not only from the hydrophilic chain of polymer approaching the cations but also from the interaction between the cations and the lone electron pair of the oxygen atom in PEG [5] . PEG is adsorbed by magnetic nanoparticles and can prolong circulation time in a bloodstream. Therefore the modification of magnetite nanoparticles with PEG could be used to resist the protein adsorption and thus avoid their recognition by macrophage cells and simultaneously facilitate the nanoparticle uptake to specify cancer cells in a cancer therapy [6, 7] . The encapsulation of nanoaprticles with PEG, increases the particles dispersibility, biocompatible and chemical stability [8] .
In this work, Fe 3 O 4 /polyethylene glycol (PEG) magnetic nanocomposite with a core-shell structure were prepared without using alkaline solution and its detailed characterizations are presented. This approach provides a one step, simple and general and inexpensive synthesis method for the preparation of PEG coated spinel nanoparticles.
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Simple hydrothermal synthesis of Fe 3 O 4 -PEG nanocomposite 2. Experimental procedure 2.1. Instrumentations X-ray powder diffraction (XRD) analysis was conducted on a Rigaku Smart Lab Diffractometer operated at 40 kV and 35 mA using Cu K α radiation.
Scanning Electron Microscopy (SEM) analysis was performed, in order to investigate the microstructure of the sample, using FEI XL40 Sirion FEG Digital Scanning Microscope. Samples were coated with gold at 10 mA for 2 minutes prior to SEM analysis.
Fourier transform infrared (FT-IR) spectra were recorded in transmission mode (Perkin Elmer BX FT-IR) on powder samples that were ground with KBr and compressed into a pellet. FT-IR spectra in the range 4000-400 cm −1 were recorded in order to investigate the nature of the chemical bonds formed.
The thermal stability was determined by thermogravimetric analysis (TGA, Perkin Elmer Instruments model, STA 6000). The TGA thermograms were recorded for 5 mg of powder sample at a heating rate of 10 o C min -1 in the temperature range of 30 o C-800 o C under nitrogen atmosphere. VSM measurements were performed by using a Vibrating sample magnetometer (LDJ Electronics Inc., Model 9600). The magnetization measurements were carried out in an external field up to 15 kOe at room temperature.
Chemicals
All the reagents were of analytical grade and used as received without further purification. Iron nitrate [Fe(NO 3 ) 2 •6H 2 O], ethylene glycol (EG) and polyethylene glycol (PEG, Mw=10,000) were purchased from Merck.
Procedure
Fe 3 O 4 -PEG nanocomposite was synthesized via a simple and cheap hydrothermal procedure. A typical synthesis was as follows. 5 mmol Fe(NO 3 ) 2 •6H 2 O was dissolved in 20 mL of ethylene glycol. 1.0 g PEG-10.000 was dissolved in 5 mL separate ethylen glycol and then the two solutions were mixed. The mixture was stirred vigorously for 30 minutes and then transferred into a 50 mL Teflon-lined autoclave with a filling capacity of about 80%, sealed and maintained at 180°C for 10 hours. The resulting solid product was collected by magnetic separation, washed several times with deionized water and ethanol to remove ethylene glycol and then dried at 60°C for 4 hours in an oven.
Results and discussion

XRD analysis
Phase investigation of the crystallized product was performed by XRD and the powder diffraction pattern of Fe 3 O 4 -PEG nanocomposite is presented in Fig. 1 . All of the observed diffraction peaks are indexed by the cubic structure of Fe 3 O 4 (JCPDS no. 19-629) revealing a high phase purity of the product The broad band in Fig.X between 2θ=10-30 o is due to the PEG in XRD pattern. The mean size of the crystallites was estimated from the diffraction pattern by the line profile fitting method using the Eq. 1 given in [9] . The line profile, shown in Fig. 1 was fitted for seven observed peaks with the following miller indices: (220), (311), (400), (422), (511) and (440). The average crystallite size was obtained as 17±7 nm as a result of this line profile fitting. 
FT-IR analysis
The FT-IR spectra of the Fe 3 O 4 /PEG nanocomposite as well as PEG and uncoated Fe 3 O 4 nanoparticles are shown in Fig. 2a, b and c respectively. Following the coupling of the PEG, an intense increase was seen in the -CH stretch band at 2925 cm −1 , the -CH 2 and -CH 3 bending band at 1630 cm −1 , and -OH stretching band at 3425 cm −1 [10] [11] [12] [13] [14] [15] . Additionally the absorptions at 1090 cm −1 (-C-O-C-) and the bond at 1470 cm −1 is attributed to the stretching vibration of C-C group of PEG [16] [17] [18] (Figs. 2a and 2b ). All these bands confirmed the existence of PEG in the product. Both Figs. 2b and 2c exhibit metal-oxygen band, v 1 , at 570 cm −1 corresponding to intrinsic stretching vibrations of the metal at tetrahedral site (Fe tetra ↔O), whereas metal-oxygen band observed at 445 cm −1 , v 2 , is assigned to octahedral-metal stretching (Fe octa ↔O) [19] .
SEM analysis
The size and morpholgy of products was further studied with scanning electron microscopy. Fig. 3 shows a SEM image from the same batch of sample and indicates that a large quantity of uniform Fe 3 O 4 nanoparticles were achieved. These nanoparticles had a mean size of around 40 nm. As-prepared particles consisted of fine particles with regularly spherical morphology. This observation showed that the PEG surfactant may absorb selectively onto preferred facets of crystal, which may inhibit the free growth of Fe 3 O 4 nanoparticles.
TG analysis
TG thermograms of both PEG and Fe 3 O 4 -PEG nanocomposite are shown in Figs. 4a and 4b respectively. The decomposition of pure PEG started at around 350 o C and ended at 425 o C (Fig. 4a) . The thermal behaviour of nanocompaoite started at 100 o C with the decomposition of ethylene glycol used as solvent. After this decomposition, the decomposition of PEG.10.000 started and it reached a plateau at around 700 o C with total weight loss of about 40% (Fig. 4b) . This result showed that percentages of organic (PEG) and inorganic layers are 40 and 60% respectively.
Magnetization measurements
Magnetic characterization Fe 3 O 4 -PEG nanocomposite has been performed by measuring its room temperature magnetization curve, that is shown in Fig. 5 . The saturation magnetization of the nanocomposite is around 7 emu g −1 which is much weaker compared to magnetization of the bulk magnetite [20] . If the mass of only magnetite nanoparticles, determined from the TGA curve, is taken into account the saturation magnetization reaches 45 emu g −1 , which is still far from its bulk value. Reduced magnetization in magnetic nanoparticles is often observed due to the increase of surface to volume ratio. As the number of magnetic moments at the surface of the particle increases alignment along the field direction decreases due to the weak magnetic interactions between core and surface moments. This results in the presence of disordered spins at the surface of the particle and is known as the spin canting effect [21, 22] . In addition, PEG molecule is adsorbed to the surface of magnetite nanoparticles through oxygen atoms which are sources of magnetic moments at the surface. Due to this binding, these magnetic moments (i.e., free elecrons) are used and they can no longer contribute to the total magnetization. As a result, magnetization of the nanocomposite decreases further.
The absence of hysterisis and remanance implies that our nanoparticles have superparamagnetic features. Magnetization of such particles can be described by the Langevin function, which can be used to determine average particle size when it is fitted to the measured M-H hysterisis curves as described in [23, 24] . Thus, mean magnetic moment is determined as 32,920 µ B which gives average particle size as 13.7 nm. 
Conclusion
In summary, we have successfully synthesized uniform Fe 3 O 4 nanoparticles in large quantities PEG as the protective agents. The average crystallite size of nanoparticles was obtained as 17±7. Thus, mean magnetic moment is determined as 32.920 µ B which gives average particle size as 13.7 nm. SEM images showed that Fe 3 O 4 NPs obtained via this method are uniform in both morphology and crystallite size. The absence of hysterisis and remanance proved the superparamagnetic feature of the product. The obtained product could be considered as a candidate for biological applications.
